Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women of reproductive age, and the most frequent cause of hyperandrogenism and oligo-anovulation.[@B1] Because PCOS patients show higher risk for cardiovascular diseases, as linked by metabolic dysfunction marked by dyslipidemia, hyperandrogenism, inflammatory state and insulin resistance,[@B2] it is imperative that these cardiovascular risk factors are detected earlier. Insulin resistance, found in 50% to 70% of the women with PCOS,[@B3] one of the complex etiology of PCOS, is the major risk factor in the development of metabolic syndrome in these women. Therefore, early detection of insulin resistance is paramount in preventing cardiovascular involvement in PCOS patients. While hyperinsulinemic-euglycemic clamp technique is the accepted global standard in measuring insulin sensitivity, this method is not cost-effective and therefore not suitable for clinical settings.[@B4] Instead, the homeostasis model assessment of insulin resistance (HOMA-IR) is an efficient and noninvasive method to estimate insulin sensitivity from the steady glucose and insulin concentrations measured under fasting conditions. In epidemiologic studies, HOMA-IR is accepted as the standard method to detect insulin resistance.[@B5]

In this study, we investigate clinical and biochemical profiles which are applicable cardiovascular risk factors according to HOMA-IR in Korean PCOS patients of reproductive age.

Materials and Methods
=====================

1. Subjects
-----------

Four hundred fifty-eight patients diagnosed with PCOS were recruited from women who visited the Department of Obstetrics and Gynecology at Ewha Womans University Mokdong Hospital between July 2010 and December 2013. PCOS was diagnosed according to the 2003 Rotterdam European Society for Human Reproduction and Embryology (ESHRE) criteria,[@B6] when two or more of the following criteria were met: (1) oligo and/or anovulation, (2) clinical and/or biochemical signs of hyperandrogenism, and (3) polycystic ovaries, with an exclusion of other etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, and Cushing\'s syndrome).

The institutional review board of the Ewha Womans University Mokdong Hospital approved the study protocol, and written informed consent was obtained from all of the participants.

2. Methods
----------

### 1) Anthropometric measurements

A through physical examination was performed. Weight, height, waist circumference and hip circumference were measured. Body mass index (BMI) and waist-to-hip ratio (WHR) were calculated.

### 2) Laboratory measurement

Total testosterone (TT) were measured by the chemiluminescent immunoassay method by using a commercially available kit (Siemens, Tarrytown, NY, USA), and sex hormone binding globulin (SHBG) levels were measured by immunoradiometric assay by using a commercial kit (Diagnostic Products Corporation, Los Angeles, CA, USA). 17α-Hydroxyprogesterone (17-OHP) levels were measured for exclusion of congenital adrenal hyperplasia. Free testosterone (fT) were calculated by using the formula available on the web site of the International Society for Study of the Aging Male, (<http://www.issam.ch/freetestos.htm>) for TT, SHBG, and albumin levels in the same sample from each subject.

Glucose and insulin were measured at fasting and 2 hr after the 75 g glucose load. Plasma glucose levels were measured by the glucose oxidase method (Beckman Model Glucose Analyzer 2, Beckman Instruments, Fullerton, CA, USA) and insulin elvels were measured by radioimmunoassay by using commercially available kit (Biosource, Nivelles, Belgium). HOMA-IR was calculated using a formula of fasting insulin (µU/mL) × fasting glucose (FG; mg/dL)/405.

Hemoglobin A1C (HbA1C), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), high-sensitivity C-reactive protein (hs-CRP), and apoprotein B were measured during fasting. Lipid accumulation product (LAP) index was calculated by (waist circumference \[cm\] - 58) × TGs (mmol/L).

### 3) Pelvic ultrasound

Pelvic ultrasound examinations were performed with 7 MHz transvaginal or transrectal transducer (LOGIQ 500, General electric medical systems, Miwaukee, WI, USA) to evaluate ovarian volume and follicle number. The virgin women underwent transrectal approach because conventional transvaginal sonography cannot acceptable due to fear for hymenal injury.

The total number of follicles was determined by counting two to nine millimeter sized follicles observed during a scan of the ovary\'s longitudinal cross-section. The ovarian volume was calculated using length (cm) × width (cm) × thickness (cm) × 0.523. Patients with ovarian cysts or a history of ovarian surgery were excluded from this study.

### 4) Classification of subgroups

According to HOMA-IR levels, PCOS patients were classified into four groups ([Table 1](#T1){ref-type="table"}).

3. Statistics
-------------

Statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The Kruskal-Wallis test was used for analyzing the differences between the four groups classified according to HOMA-IR and the three groups classified according to PCOS subgroups. The Pearson product-moment correlation coefficient was used to analyze correlation between the HOMA-IR and clinical, hormonal and metabolic profiles of PCOS. A value of *P*-value \< 0.05 was considered statistically significant.

Results
=======

1. Clinical and biochemical characteristics of PCOS patients according to the quartile of HOMA-IR
-------------------------------------------------------------------------------------------------

The subjects were young reproductive aged women with a mean age of 26.7 ± 4.1 years. Their BMI was 22.5 ± 4.4 kg/m^2^ and WHR 0.85 ± 0.41, close to the definition of abdominal obesity by the World Health Organization (WHO).[@B7] Mean TT level was 68.6 ± 19.2 ng/dL, fT was measured at 0.8 ± 0.4 ng/dL, mean ovarian volume at 10.5 ± 3.7 cm^3^, and the number of follicles at 14.9 ± 5.5, in accord with the ESHRE criteria for PCOS diagnosis. As the metabolic biomarker of cardiovascular diseases, the mean value of hs-CRP measured 1.19 ± 2.5 mg/dL and apoprotein B was measured with a mean value of 65.8 ± 1.71 mg/dL. The mean HOMA-IR showed 2.18 ± 1.73. When clinical and biochemical characteristics were compared with the quartile of HOMA-IR, significant differences were shown in age, body weight, BMI, lipid profiles, glucose metabolic profiles, hs-CRP, apoprotein B, fT and SHBG. However, ovarian volume and follicle number did not show a statistical difference ([Table 2](#T2){ref-type="table"}).

2. Characteristics of PCOS patients and correlation to HOMA-IR
--------------------------------------------------------------

In PCOS patients, HOMA-IR showed a statistically significant correlation with weight and BMI. In regards to glucose metabolism, fasting and 2-hr glucose and insulin also showed significant positive correlation. TC, TG, LDL-C, LAP index showed a positive correlation while HDL-C showed a negative correlation. A positive correlations were detected with hs-CRP and apoprotein B. While no significant correlation was observed with TT, positive correlation was observed with fT (R = 0.262, *P* \< 0.0001) and a negative correlation with SHBG (R = -0.304, *P* \< 0.0001). There was no correlation with ovarian volume and follicle number. Taking into account the interrelationship between insulin resistance and obesity, the correlation between clinical and biochemical profiles of PCOS and HOMA-IR were observed again after adjusted with BMI. The revised results showed a significant positive correlation between TG, LAP index, glucose metabolic profiles, and hs-CRP, in addition to a significant negative correlation with HDL ([Table 3](#T3){ref-type="table"}).

Discussion
==========

As insulin resistance is the reduction in the biological effect of insulin\'s metabolic action,[@B8] it is a major mechanism of metabolic feature in PCOS, that is closely linked with a rise in cardiovascular risk among PCOS patients. Nevertheless, the consensus in measuring insulin resistance in PCOS patients is lacking. Therefore, in this study, insulin resistance was measured through HOMA-IR and its relationship to clinical and biochemical characteristics of PCOS was observed. These results showed a significant correlation between HOMA-IR and the major areas of metabolic cardiovascular risk factors.

The results of this study showed a significant correlation between HOMA-IR and TG, LDL and HDL. El-Mazny et al.[@B9] investigated the association of insulin resistance with dyslipidemia and metabolic syndrome in 50 infertile women with PCOS. They defined insulin resistance when FG to insulin ratio was less than 4.5. Their study presented a noticeable difference in TC, LDL, and TG, and a notably low HDL in insulin resistant group. This can be explained as a mechanism which, as a result of increase in catecholamine-induced lipolysis due to PCOS patients\' insulin resistance and hyperandrogenemia in adipocyte, free fatty acids are released in circulation and results in an increase of very low density lipoprotein and LDL in the liver and a decrease in HDL.[@B10]

LAP index is a simple tool, which uses waist circumference and TG level, known to observe lipid accumulation to accurately identify cardiovascular risk more so than BMI.[@B11] Results of this study show that LAP showed a positive correlation in both HOMA-IR with pre- and post-BMI revisions. This was also shown a same positive correlation (R = 0.70, *P* \< 0.001) between LAP index and HOMA-IR. Wiltgen et al.[@B12] demonstrated the LAP index, an easily obtainable measure, is associated with HOMA index and an LAP index ≥ 34.5 is an additional risk factor for cardiovascular disease in PCOS patients. In our study, group 4, the highest quartile of HOMA-IR showed 43.6 ± 44.1 of LAP index, which may be regarded as a risk factor for cardiovascular disease in PCOS.

Pesant and Baillargeon[@B13] determined that using glucose excursion during the previously normal oral glucose tolerance test (OGTT) in combination with increased FG or glycosylated hemoglobin could reduce the number of OGTTs performed in PCOS women during their regular follow-ups without missing any conversion to abnormal glucose tolerance.

A recent research investigated whether insulin resistance in PCOS is exclusively associated with BMI and suggested specific HOMA-IR cutoff value for insulin resistance in lean and overweight/obese PCOS.[@B14]

Most women may have a few chances of developing metabolic syndrome during their life, such as pregnancy-related weight gain, hormonal contraceptive use and PCOS. Additionally, menopause may be related with the prevalence of metabolic syndrome and increased cardiovascular disease and diabetes.[@B15] In postmenopausal Korean women who had received combined estrogen and progesterone therapy, or tibolone, the levels of TC decreased although a prospective study including a larger group will be required.[@B16] Recent menopausal data suggest that the majority of women who had PCOS during their reproductive years continue to manifest cardiovascular risk factors.[@B17] Moving from the young fertile age to the 40s and the menopause the prevalence of type II diabetes continues to increase compared to the general female population and may reach 10-16% of PCOS women.[@B18] After 20 years of follow-up in women with PCOS, androgens and ovarian volume decreased and there were more ovulatory cycles suggesting a milder disorder, whereas metabolic abnormalities persisted and waist circumference increased.[@B19] However, the well-described cardiovascular/metabolic risk profile in pre- and perimenopausal PCOS women does not entail an evident increase in cardiovascular events during the postmenopausal period.[@B20] Because whether PCOS itself causes an increased cardiovascular disease risk later in life is still uncertain, additional longitudinal study for following women with PCOS into menopause will help to determine continuous careful investigations and screening for cardiovascular disease.[@B21]

The purpose of this study is to provide Korean domestic data on HOMA-IR of 458 reproductive aged women diagnosed with PCOS and to look into the relationship between clinical and biochemical profiles of PCOS. HOMA-IR shows a positive correlation in considerable areas to risk factors of metabolic cardiovascular diseases. Especially, TG, HDL, LAP index and hs-CRP showed a significant relation with HOMA-IR after adjusted with BMI. In PCOS patients with metabolic syndromes, the risk assessment for cardiovascular disease is important and utilization of HOMA-IR instead of hyperinsulinemic-euglycemic clamp technique is probable clinically to assess cardiovascular risk as a simple and convenient tool.

In conclusion, our results suggest that clinical and biochemical profiles which are applicable cardiovascular risk factors are highly correlated with HOMA-IR in Korean women with PCOS.
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